In this study, modeling the influence of cloudiness on diffuse horizontal irradiation (DHI) in six tropical ecological zones in Nigeria (Latitude 4. 75-13.067 o N and Longitude 3.333-13.16 o E) using 22-year data (July 1983-June 2005 was analysed for all sky and clear sky conditions. The result revealed that the absorption of DHI in the global horizontal irradiation (GHI) portion of the solar spectrum is greatly enhanced in the Southern tropical zones as a result of heavy presence of smog, cloudiness, and high water vapour parameters such as relative humidity, dew point temperature and precipitable water thereby increasing the diffuse fraction in the zone. However, in the Northern tropical zones, the absorption of DHI in the GHI portion of the solar spectrum lowered due to presence of low smog, cloudiness and low water vapour parameters thereby reducing the diffuse fraction in the region. The quadratic regression correlation model developed deeming from the model performance test indicates that the proposed model could be used to estimate DHI accurately over the six tropical ecological zones in Nigeria and other locations with comparable sky condition to Nigeria.
Introduction
Diffuse horizontal irradiation (DHI) is the component of global horizontal irradiation (GHI) reaching the earth's surface after having been scattered from the direct horizontal irradiation (BHI) by molecules, aerosols or suspended particular matter such as black carbon, organic carbon, dust and sea salt in the atmosphere. DHI plays an important role in determining the gross primary productivity, net ecosystem exchange of carbon dioxide, light use efficiency, changing colour of the sky and baseline for estimating and understanding DHI parameters such as DHI and GHI on the titles surfaces, diffuse Photosynthetically active radiation (PAR), near infrared radiation (NIR), reflected BHI and GHI. Therefore, the accurate determination and clear understanding of the DHI parameters is required for many applications such as energy management, solar energy, light studies, architectural research, hydrological process and biometeorology, crop production, remote sensing of vegetable and carbon cycle modelling, development of thermal and electrical solar energy devices [1] [2] [3] [4] . DHI arises as a result of the interaction between the solar radiation incident on the top of the earth's atmosphere and the matter within it. Thus, understanding how this radiometric flux interact with the matter within it and relates with its immediate environment thereby influencing diffuse light availability for energy, sky colour, agricultural, material and technological production and utilization for man's need is of almost important for modeling and estimating DHI in a particular geographical environment. Measurement of DHI is often performed in many parts of the world by mounting a pyranometer on the axis of the ring on a roof top so as to receive only DHI, and the ring is normally adjusted regularly so as to ensure that the direct irradiance does not reach the pyranometer.
In spite of the enormous significance of DHI, there is no standard weather station able to measure this radiation component in Nigeria and often there is no data available in the location of interest except National Aeronautics and Space Administration (NASA) atmospheric science data among others satellite radiometric agencies across the globe. To overcome these shortcomings, different estimation models have been proposed in different locations across the world [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . It is therefore imperative to analyse DHI using GHI and clearness index obtained from NASA data. This will produce DHI data as a baseline for further scientific, environmental and atmospheric research without the substantial cost of the instrumentation network that would otherwise be needed [17] [18] [19] . The aim of this research paper is to develop an empirical model for estimating DHI in six tropical ecological zones in Nigeria.
Methodology

Acquisition of data and study area
The long term monthly mean daily diffuse horizontal irradiation (DHI), global horizontal irradiation (GHI), clearness index for clear sky (kt) for the period of 1983-2005 for the selected state capitals and locations whose tropical ecological zones, coordinates and elevations listed in Table 1 and Fig. 1 were obtained from the National Aeronautics and Space Administration (NASA) atmospheric science data center. The GHI and DHI data measured in kwhm -2 day -1 were converted to MJm -2 day -1 using a factor of 3.6. The details of the study area are found in Nwokolo and Ogbulezie [19] . 
Model development
The modelling of DHI involves the correlation of monthly mean daily DHI to meteorological data such as GHI and clearness index. Several researchers proposed simple quadratic and polynomial equations which relates DHI fraction and clearness index [5] [6] [7] [8] [9] [10] . In order to generate an appropriate model for the study stations in addition to previous models, a quadratic correlation expression which is based on meteorological parameters such as DHI, GHI and clearness index for all sky and clear sky conditions (kt) are investigated in this research paper in the form:
Where a, b, and c are the empirical coefficients, DHI and GHI retain their usual meaning and kt the clearness index is given as follows:
Where Ho is the extraterrestrial solar radiation on the horizontal surface is given as follows: 
Where the solar constant,  is the latitude,  is the solar declination and n the number of days of the year starting from first January. The daily extraterrestrial solar radiation is the solar radiation intercepted by horizontal surface during a day without the atmosphere and hourly extraterrestrial radiation has similar definition. For a given month, the solar declination and the mean sunrise hour angle can be evaluated by the following equations (4) and (5) 
Estimation metrics
To determine the error and performance of the predictive models, Willmott [20] suggested mean bias error (MBE), mean percentage error (MPE) and root mean square error (RMSE) as good statistical indicator for evaluating the error between the observed and predicted (model) values. These relations are given as:
Where Oi and Pi are the observed and predicted DHI and other symbols retain their usual meaning.
Results and discussions
Variation of atmospheric parameters
The monthly mean daily GHI, DHI and Clearness Index (Kt) for clear sky and all sky conditions for Port Harcourt, Owerri, Ibadan, Abuja, Maiduguri and Sokoto representing the six tropical ecological zones are presented in [21] . This variation was mainly due to trends in cloudiness and associated atmospheric moisture with the movement of the Hadley cell circulation system along the equatorial line. The Nigeria weather condition is classified into two seasons: Dry and wet season. Dry reason is attributed to the influence of inter tropical convergence zone (ITCZ) producing tropical Continental (TC) associated with dry and dusty North -East winds (easterlies) which blows from the Sahara Desert and finally prevail over Nigeria; thus producing the dry season conditions. The implication is that there is a prolonged dry season in the far North, while the far south undergoes short dry periods annually. With the movement of the ITCZ into the Northern hemisphere, the rain-bearing south westerlies prevail as far inland as possible to bring rainfall during the rainy season. This results to prolonged rainy season in the far South while the far North undergoes short rainy periods annually [22] . The dry season is from November to March while the wet season start in April and ends in October. The rainy season is characterized by overcast and heavy rain clouds. This give rise to the relatively high DHI and low clearness index as observed between the months of May-October compared to the dry season months for all sky condition while clearness index is relatively high under clear sky weather as shown in Fig. 2 . The lowest DHI of 4.46 MJm -2 day -1 occurred in the months of November and December for Sokoto while the lowest clearness index for clear sky weather registered 0.52 in the months of February and November for Owerri and Ibadan. This is due to the presence of relatively low clouds and dry season as low cloud absorb more BHI than DHI in the solar spectrum thereby producing low magnitude of DHI received in the zone. The clearness index for all sky recorded 0.33 in the month of September for Port Harcourt. This is due to the presence of heavy smog and clouds, and prolonged rainfall as clouds absorb more DHI component than in the BHI component thereby producing low clearness index in the zone. These results are comparable to the report of Theophile and Rene [10] in Cameroun.
The highest values of DHI of 8.28 MJm -2 day -1 recorded in the months of March and April for Port Harcourt. This is because clouds absorbed more DHI component of radiation than BHI as a result of heavy smog, low clearness index and prolonged rainfall thereby enhancing the amount of DHI received in the zone. The highest clearness index for all sky conditions is 0.69 recorded in the month of February for Sokoto. However, Sokoto registered the highest value of clearness index of 0.60 under clear sky condition in the months of March, April and June. This could be attributed to the presence of low smog and clouds with associated dry harmattan breeze that blows and prevailed over Sokoto and its environs. 
Influence of clearness index on diffuse horizontal irradiance (DHI)
Similar weather variation and characteristics range (0.538-0.816) were observed between the annual clearness index under all sky conditions and DHI for Port Harcourt, Owerri, Ibadan, Abuja, Maiduguri and Sokoto as show in Table 3 . This reveals that DHI is optimally controlled by clearness index under all sky conditions in Nigeria in spite of the low correlation obtained under clear sky. The minimum correlation of 0.538 was reported for Sokoto in the FSZNS whereas in the FSZMS 0.8164 was registered for Port Harcourt. This discrepancy is due to increase in monthly mean value of DHI in the growing season where the clearness index reduced greatly in FSZMS compared to FNZSS under all sky conditions, thus, the absorption of DHI compared to BHI in the global horizontal irradiation (GHI) portion of the solar spectrum is greatly enhanced in the FSZMS of Port Harcourt and slightly reduced to the North Central and finally decreased greatly in the FNZSS of Sokoto. Remarkable decreases in correlation were found on clear sky conditions as compared to all sky conditions from the Southern part of Nigeria to FNZSS of Sokoto. The minimum correlation of 0.0023 was registered for Sokoto while the maximum correlation of 0.5577 was reported for Owerri. This deviation could be attributed to further decrease of DHI compared to BHI in the global horizontal irradiation (GHI) portion of the solar spectrum from the Southern Nigeria to the FNZSS of Sokoto as a result of the increase in cloudiness and associated atmospheric moisture as clouds absorbs more mixture content contributed by heavy clouds from the harmattan breeze that flows and prevailed over Northern tropical zones thereby culminating into lower correlation between the DHI and clearness index under clear sky conditions for all the zones. 
Correlation analysis
The following observations were deduced from the analysis of the result presented in Table 2 . This is comparable to the result reported Theophile and Rene [10] . From the Table 4 . This could be attributed to the seasonal variation of DHI principally caused by the influence of latitude, presence of smog, clearness index, relative humidity, rainy and dry seasons, and the movement of the Hadley cell circulation system along the equatorial line in the atmosphere which differs from one tropical ecological zone to another. The intercept bo ranged from 0.907 -2.132; slope, b2, between -0.721 --4.750 and b2 ranged of 0.195 -2.852 were obtained from the correlations under all sky conditions. These values are within the range observed by several researchers [9] [10] [14] [15] . However, the values obtained for clear sky conditions were higher than all sky conditions. This is because DHI is greatly enhanced under all sky conditions than clear sky conditions. The correlation coefficient, R, of 0.968 -0.997 exist between the independent variable (diffuse fraction, Kd). This implies that the predictive models adequately estimated the observed values of DHI as a result of high positive correlation between the observed and predicted values of DHI under all sky conditions. This is comparable to the report in literature [9] [10] [14] [15] . However, the correlation coefficient was greatly lowered under clear sky conditions in the six tropical zones. This is because under clear sky conditions, BHI is greatly enhanced resulting in the reduction of DHI in the solar spectrum. The coefficient of determination (R 2 ) is generally high for the six zones investigated in the study. This means that the regression line fit in the sets of data adequately. The value of coefficient of determination ranged from 0.937 -0.997. This implies that 93.7 -99.7% of the clearness index can be accounted using diffuse fraction under all sky conditions. This values are within the range of the report of numerous researchers [9] [10] [14] [15] . However, the value was lowered under clear sky conditions because BHI was highly enhanced than DHI in the solar spectrum. 
Model performance
The performance of the model is evaluated and compared using statistical parameters R, R 2 , , standard error of the estimation, MBE, MPE and RMSE for each zone. The summary of the error is presented in Tables 5 and Fig. 4 . The mean error parameters were observed to be vary from one zone to another and from one month to another. This could be attributed to the influence of clearness index, latitude, presence of heavy smog, rainy and other atmospheric parameters on each zone. It can also be noted that the prediction of DHI can be evaluated with reasonable accuracy with the model in the six zones studied. From [23] . Therefore, it can be said that the model is very suitable for estimating monthly mean DHI for six tropical ecological zones analysed in this research paper and thus, could be employed for predicting monthly mean daily DHI in any station across the globe that has similar climatological characteristics with Nigeria. 
Conclusion
The analysis of the influence of clearness index on diffuse fraction based on the radiation data recorded for Port Harcourt, Owerri, Ibadan, Abuja, Maiduguri and Sokoto representing the six tropical ecological zones in Nigeria were investigated for all sky condition and clear sky. It was revealed that the absorption of DHI in the GHI portion of the solar spectrum is greatly enhanced in the Southern tropical zones as a result of high relative humidity and prolonged rainy season, presence of heavy smog and low clearness thereby increasing the diffuse fraction in the zone. While the absorption of DHI in the GHI portion of the solar spectrum lowered in the Northern tropical zones a result of high influence of pro- Sokoto longed dry season, high clearness index, low relative humidity, low smog that decreases the DHI thereby reducing the diffuse fraction in the region. This research paper is the first attempt to qualify DHI parameters in the six tropical ecological zones in Nigeria; thus our model can be used to estimate DHI parameters for locations with similar climatological condition where GHI data are readily available.
